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ThelypterisTemperature determines the germination percentage and germination rate of non-dormant fern spores and
is known to be a crucial factor for breaking or inducing dormancy in seeds. The objective of this study was to
determine the effect of optimal, supraoptimal and suboptimal temperatures on spore germination of eight
species of terrestrial homosporous ferns. Spores were incubated for one month in a temperature gradient
from 15 to 35 °C in either light or dark. Thereafter, the spores were transferred to 25 °C and incubated in
the light. The optimal temperature for germination varied among species, and germination inhibition and
possible secondary dormancy were induced at both suboptimal and supraoptimal temperatures. At 35 or
30 °C, with light, spores of most species did not germinate or exhibited low germination percentages,
owing to thermoinhibition or possible thermodormancy. In the dark, the spores did not germinate at any
of the temperatures tested. After the spores were transferred to the light at 25 °C, a high percentage of
spore germination was observed. Incubation in the dark at different temperatures also promoted high germi-
nation or dormancy. Temperatures that promoted germination might be related to the season that the differ-
ent species germinate rather than their habitat, as a number of species within the same habitat had different
optimum temperature requirements. Differences in temperature requirements may help to form a soil spore
bank. It is necessary to determine whether secondary dormancy was induced by supraoptimal and
suboptimal temperatures to further understand spore germination and colonisation in the ﬁeld.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Fern spores and angiosperm seeds share the two main groups of
storage behaviour (short or extended longevity, Pérez-García et al.,
1994) and requirements for germination, although the presence of
dormancy has been rarely documented for fern spores (McLetchie,
1999). Light and temperature are the main environmental factors
that regulate germination in both groups of plants (Baskin and
Baskin, 2001; Raghavan, 1989), and in seeds these factors have been
identiﬁed as environmental cues that largely determine germination
timing in seasonal and disturbed environments (Vázquez-Yanes and
Orozco-Segovia, 1994; Pérez-García et al., 2007).
Temperature is also one of the most important factors that limit
the latitudinal and elevational distribution of plants (Thompson,
1970a, b; 1973, 1975). However, few studies have investigated fern
spore germination in temperature gradients. Some studies have fo-
cused on several fern species growing in the same plant community,+52 55 56228995.
o-Segovia),
by Elsevier B.V. All rights reservedsuch as ﬁve Cyatheaceae species growing in a montane cloud forest
in Puebla, Mexico (Pérez-García and Riba, 1982) and eight species
from a tropical semideciduous mesophytic forest in Sao Paulo, Brazil
(Ranal, 1999). Other studies have focused on individual species, in-
cluding Cheilanthes feei T. Moore (Pteridaceae) growing in limestone
crevices in areas ranging from Southwestern Canada to Central Mex-
ico, Rumohra adiantiformis (Forst.) Ching (Dryopteridaceae) from the
Peruvian Andes (Brum and Randi, 2002) and Polypodium lepidopteris
(Langsd. & Fisch.) Kunze (Polypodiaceae) from the Brazilian Caatinga
(Viviani and Randi, 2008). Despite all these studies differing in the
number of temperatures included in the gradient and in the interval be-
tween temperatures, it was concluded that there is a wide variation in
temperature requirements between and within each species, which
may be related to the species distribution.
Similar to seeds, the distribution of non-dormant spore germination
in a temperature gradient reveals the temperature interval for germina-
tion and the optimal, suboptimal and supraoptimal temperatures for ger-
mination. For example, the optimal condition is the temperature(s) at
which the germination percentage is high and germination occurs the
fastest. Germination percentage and germination rate are reduced as
the temperature moves away from the optimal condition toward
suboptimal and supraoptimal temperatures. In dormant seeds, tempera-
ture can end primary dormancy, and in dormant and non-dormant seeds,.
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1981; Probert, 2000). In seeds, thermoinhibition and thermodormancy at
supraoptimal temperatures have received special attention. Thermoin-
hibition is removed when seeds are transferred to favourable tempera-
tures, and thermodormancy requires speciﬁc pretreatments, such as
ethylene application, before germination can occur at adequate tempera-
tures (Hills and van Staden, 2003). However, germination inhibition
(conditional dormancy) and the enforcement of secondary dormancy
occur at both suboptimal and supraoptimal temperature intervals. For ex-
ample, for winter annual species, the high temperatures in summer re-
lease seeds from secondary dormancy, but low winter temperatures
reinforce dormancy. As a result, secondary dormancy cycles occur in na-
ture and are related to the life history of plants (Karssen, 1980–1981;
Baskin and Baskin, 1985). Different mechanisms such as ABA exposure
(Leymarie et al., 2008) and alterations in the permeability of the cellular
membrane and respiratorymetabolism are involved in promoting prima-
ry and secondary dormancy and in inhibiting germination at suboptimal
and supraoptimal temperatures (Hilhorst, 1998; Hills and van Staden,
2003; Corbineau et al., 2007).
According to Vleeshouwers et al. (1995), primary dormancy dif-
fers physiologically from secondary dormancy. The same factors can
break or induce both dormancy types. For example, low temperatures
break primary dormancy in many species (Baskin and Baskin, 2001),
but may induce secondary dormancy in species such as Actinotus
leucocephalus (Apiaceae) and Tersonia cyathiﬂora (Gyrostemonaceae)
which then require warm temperatures to break the secondary dor-
mancy (Baker et al., 2005). In a study focused on the development
of spore sensitivity to short light exposure during germination in a
temperature gradient, the inhibitory effect of supraoptimal tempera-
tures on the germination of Onoclea sensibilis L. (Woodsiaceae) spores
from Michigan, USA, was also described (Towill, 1978).
To better understand the relationships between temperature and
spore germination biology, and identify possible convergences be-
tween spores and seeds in the germination processes, we tested the
effect of temperature on spore germination, germination inhibition
and secondary dormancy in eight homosporous ferns. In this study,
spores were incubated in a temperature gradient from 15 to 35 °C
with either a 12/12 h light/dark photoperiod (i.e. with light) or in
the dark. Following these treatments, ungerminated spores were
transferred to 25 °C with light, and germination was analysed. The
species used in this study were: Argyrochosma formosa (Liebm.)
Windham (Pteridaceae), Blechnum glandulosumWilld. (Blechnaceae),Table 1
Habitat reported by Mickel and Smith (2004) and Mendoza-Ruiz and Pérez-García (2009)
Species Habitat L
Argyrochosma
formosa (Liebm.)
Windham
Dry, rocks, wooded slopes, limestone slopes, steep rocky,
ravines and thorn scrub, pine forests, 1250–2700 m a.s.l.
O
t
Blechnum
appendiculatum
Willd.
Along roadsides, moist slopes and stream banks, in
montane rain forest, pine-oak forests, cloud forest and
tropical rain forest, 400–2550 m a.s.l.
P
t
Dennstaedtia
globulifera (Poir)
Hieron
Wet montane forest, 600–2100 m a.s.l. P
t
Hemionitis subcordata
(D. C. Eaton ex
Davenp.) Mickel
Shaded rocky banks in woods or by roads, moist rocky
slopes, tropical deciduous, sub-deciduous forests, rarely
in pine-oak forests, 200–1400 m a.s.l.
J
H
T
Plagiogyria pectinata
(Liebm.) Lellinger
Along rivers and streams, in moist and shady areas of
pine forest, evergreen cloud forests, tropical rain forests,
1750–3250 m a.s.l.
D
t
Polystichum mickelii
A. R. Sm.
Wet forest, slopes and sides of the road in disturbed cloud
forests, 450–2500 m a.s.l.
V
t
Thelypteris glandulosa
(Desv.) Proctor
Lowland rain forest, along stream rivers, 300–850 m a.s.l. N
T
Thelypteris serrata
(Cav.) Alston
Along rivers, streams swamps, and wet road side banks and
swamps, sometimes in standing water, tropical rain forest
and sub-deciduous tropical forest, 0–550 m a.s.l.
N
tDennstaedtia globulifera (Poir) Hieron (Dennstaedtiaceae), Hemionitis
subcordata (D. C. Eaton ex Davenp.) Mickel (Pteridaceae), Plagiogyria
pectinata (Liebm.) Lellinger (Plagiogyriaceae), Polystichum mickelii
A. R. Sm. (Dryopteridaceae), Thelypteris glandulosa (Desv.) Proctor
and Thelypteris serrata (Cav.) Alston (Thelypteridaceae).
2. Materials and methods
2.1. Spore collection
Spores from A. formosa, Blechnum appendiculatum, D. globulifera,
H. subcordata, P. pectinata, P. mickelii, T. glandulosa and T. serrata were
collected in several locations and from different vegetation types in
Mexico (Table 1). All of these species are terrestrial. Sporeswere collect-
ed from more than ﬁve individuals from mature pinnae. Pinnae were
kept in paper bags and dried for 3 days at 25 ± 2 °C to favour the
sporangia opening and subsequent spore release. The spores were sep-
arated from pinnae and sporangia fragments using a sieve with a mesh
size of 0.074 μm.
2.2. Spore germination
Spores from the eight species were sown in sterile 5 cm diameter
Petri dishes on 1% agar with ﬁve replicates per treatment. All of the
dishes contained approximately 150 spores per cm2. The Petri dishes
were kept individually inside plastic bags to avoid dehydration. The
dishes were placed in growth chambers under a 12 h photoperiod
or in darkness (Lab-Line 844, Lab-Line Instruments, Inc., Melrose
Park, IL, USA) at 15, 20, 25, 30 or 35 °C. For the light treatment, light
was provided by white ﬂuorescent (Sylvania, 20 W) and incandes-
cent (Solar, 25 W) lamps. The photon ﬂux density (PFD) in the cham-
bers was 33 μmol m−2 s−1 (400–700 nm) as measured with a
spectrophotometer (Li 185 B, LICOR Inc., Lincon, NE, USA). For the
spores incubated in the dark, the plates were wrapped with a double
layer of aluminium foil. Germination in the two light treatments was
measured every 7 days for 4 weeks and germination percentage was
calculated based on the total number of spores present per cm2. After
this time, the Petri dishes were transferred to 25 °C with light (12 h
photoperiod). Spores were observed under a stereoscopic microscope
(Stereo Star-Zoom American Optical, Scientiﬁc Instruments, USA).
Germination was deﬁned as the protrusion of the rhizoid and/or the
ﬁrst prothallial cell through the spore coat.and localities where the spores of the eight terrestrial fern species were collected.
ocality Collection site Voucher
axaca, 2. 4 km after Santos Reyes,
oward Juquila
In open areas of a pine-oak
forest, 1752 m a.s.l.
A. Mendoza R.
et al. —585
uebla, 4 km after Patoltecoya,
oward Tulancingo
In open areas and along
roadsides in a pine-oak
forest, 1320 m a.s.l.
B. Pérez-García
et al. —1183
uebla, 4 km after Patoltecoya,
oward Tulancingo
Undisturbed pine-oak
forest, 1752 m a.s.l.
B. Pérez-García
et al. —1180
alisco, 1.3 km after Puente los
orcones, 11 km after Boca de
omatlán Howard Tuito
Undisturbed pine-oak
forest, 466 m a.s.l.
A. Mendoza R.
et al. —765
urango, 4 km after La Ermita,
oward Concordia
Undisturbed pine-oak
forest, 2568 m a.s.l.
A. Mendoza R.
et al. —728
eracruz, ~1 km after Santa Rita,
oward Misantla
In a ravine in disturbed
montane cloud forest,
1410 m a.s.l.
A. Mendoza R.
et al. —715
ayarit, 7 km after the way toward
epic
In open areas of a montane
cloud forest, 830 m a.s.l.
A. Mendoza R.
et al. —756
ayarit, 10.4 km after Cuarenteño
oward El Cora
In an open area of
semi-evergreen seasonal
forest, 222 m a.s.l.
A. Mendoza R.
et al. —758
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Intraspeciﬁc ﬁnal spore germination was analysed using one way
ANOVA and Tukey's test. For the statistical analysis applied to the
spores that were initially incubated in the dark and after a month
transferred to 25 °C and light, the percentage of germination for
spores that were incubated continuously at 25 °C with light was
used as the control.
3. Results
3.1. Germination in the light in a temperature gradient, followed by
transfer to 25 °C
In all eight species there was a signiﬁcant difference (P b 0.0001) in
spore germination across the ﬁve temperature treatments in the lightFig. 1. Germination percentage of spores incubated for one month with light (12 h photope
tion of spores that only germinated when transferred to 25 °C, with the same photoperiod. Fo
before transfer to 25 °C. Comparisons were performed using ANOVA and the post hoc Tuke(Fig. 1). The optimal temperature for spore germination (where germi-
nation was signiﬁcantly faster, P b 0.05) was 25 °C for D. globulifera, P.
mickelii, B. appendiculatum and T. glandulosa; 20 °C for P. pectinata;
and 25 and 30 °C for A. formosa,H. subcordata and T. serrata. When incu-
bated in the dark, spores did not germinate for any of the species or at
any of the temperatures tested. Times to reach maximal germination
in each temperature are not shown.
A. formosa, T. glandulosa and T. serrata spores germinated between
15 and 30 °C (Fig. 1A–C). In the two ﬁrst species germination was sig-
niﬁcantly less at 20 and 15 °C, while spore germination for T. serrata
was only reduced signiﬁcantly at 15 °C (Fig. 1C). In these three spe-
cies, germination was completely inhibited at 35 °C, but this inhibi-
tion was alleviated when the spores were transferred to 25 °C. P.
pectinata and P. mickelii spores germinated in a narrower interval of
temperatures (15–25 °C, Fig. 1D, E). However, in P. mickelii, germina-
tion of most of the spores was inhibited at 15 °C. In both species, atriod) in a temperature gradient (white colour). The grey colour represents the propor-
r each species, letters indicate signiﬁcant differences in spore germination at α = 0.05,
y's test. SD is indicated.
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tion of the spores. Inhibition was removed at 25 °C, whereas spores
incubated at 35 °C failed to germinate even when transferred to 25 °C.
In both these species, the spores that were initially incubated at 20 °C
and then transferred to 25 °C underwent induction of germination
resulting in the percentage of germination being higher than with any
other treatment (Fig. 1D, E). H. subcordatawas a unique species that did
not germinate at 15 °C (Fig. 1F). In contrast with P. mickelii, H. subcordata
spores germinated between 20 and 35 °C. Spore germination at 35 °C
was low, but germination inhibition was lost after transfer to 25 °C. A
high percentage of B. appendiculatum and D. globulifera spores germinat-
ed between 15 and 30 °C. Similar to the three previouslymentioned spe-
cies, these two species did not germinate at 35 °C, even after transfer to
25 °C (Fig. 1G, H).Fig. 2. Germination percentage of spores incubated for one month in darkness in a tempera
only germination with light is shown. Letters indicate signiﬁcant differences in spore germi
the germination of spores incubated with light at 25 °C. Comparisons were performed usin3.2. Germination in darkness in a temperature gradient, followed by
transfer to 25 °C and light
When incubated in the dark, no spore germination was observed
with any of the species tested at the different temperatures. After trans-
fer to 25 °C (12 h photoperiod), with the exception of T. glandulosa
(P = 0.288), the other seven species showed a signiﬁcant difference
(P b 0.0001) between treatments (Fig. 2). Germination of A. formosa,
T. glandulosa, T. serrata and B. appendiculatum spores was high for all
of the temperatures tested (15, 20, 25, 30 and 35 °C) (Fig. 2A–C, G).
P. pectinata and D. globulifera and spores did not germinate at 15 and
35 °C, and 35 °C, respectively (Fig. 2D, H). P. pectinata spores incubated
at 20, 25 or 30 °C (Fig. 2D) had a higher percentage of germination than
spores that were incubated and germinated at the light at the sameture gradient and then transferred to 25 °C. Spores did not germinate in the dark, thus,
nation at α = 0.05, after transfer to 25 °C. For each species, the control treatment was
g ANOVA and the post hoc Tukey's test. SD is indicated.
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when they were incubated in darkness at 25 °C, and at 20–30 °C, re-
spectively (Fig. 2E, F). At these temperatures spores were covered by
fungi and bacteria and showed plasmolysis. The spores of H. subcordata
incubated initially in darkness at 15 °C and 35 °C (Fig. 2F) showed sim-
ilar germination percentages to those observed when the spores were
incubated at these temperatures with light and then transferred to
25 °C with light (Fig. 1F). In P. mickelii, spores incubated in darkness
at 20 °C and 30 °C showed high levels of germination when transferred
to 25 °C with light (Fig. 2E). Spores initially incubated in the dark at
30 °C germinated better than spores incubated with light at this
temperature (Fig. 1E). No spores of this species incubated at 35 °C
germinated.
4. Discussion
All of the studied species were positively photoblastic, as are most
fern species (Raghavan, 1989), and germination in darkness was not
stimulated by supraoptimal temperatures as occurs in some other
fern species (Miller, 1968; Towill, 1978). Thus, germination of the
studied species would be limited to the seeds found in the ﬁrst few
mm of soil. Germination inhibition and the possible induction of sec-
ondary dormancy occurred at both suboptimal and supraoptimal
temperatures. Spores of most of the species included in this study
did not germinate at 35 °C in the light, except for H. subcordata
(21%) and only two species (P. pectinata and P. mickelii) did not ger-
minate at 30 °C with light. Thus, these species may be considered to
be thermophilous (Orozco-Segovia et al., 1996). Lack of germination
in several species at high and low temperatures was caused by
thermoinhibition or possible thermodormancy (secondary dorman-
cy). The assumption of the development of secondary dormancy in
the spores of several species, including B. appendiculatum at 35 °C
and H. subcordata and P. pectinata at 15 °C, was based on the observa-
tion that no germination was more related to the initial light condition
during incubation (light or darkness) than to the effect of initial incuba-
tion temperature by itself. Additionally, the spores that might acquire
secondary dormancy, unlike dead spores, maintained its morphology
and structure along all the treatments and the development of fungi
in the dishes was scant. Germination does not occur at high tempera-
tures (>30 °C) in the ﬁve Cyatheaceae species studied by Pérez-
García and Riba (1982) and in P. lepidopteris (Langsd. & Fisch.) Kunze
(Polypodiaceae; Viviani and Randi, 2008). However, no germination,
in these species, at some of the temperatures included in these studies
just was reported, but this fact was not related to any physiological pro-
cess (thermoinhibition, thermodormancy or spore death). In contrast,
eight species studied by Ranal (1999) including ﬁve Polypodiaceae and
two Adiantaceae, and R. adiantiformis (Forst.) Ching (Dryopteridaceae)
(BrumandRandi, 2002) are thermophilous (these have high germination
at 29 and 29.8 °C).
Under a 12 h photoperiod, at the temperatures tested in this
study, most of the species exhibited thermoinhibition, except for B.
appendiculatum spores, which showed only apparent thermodormancy
at 35 °C. In A. formosa, T. glandulosa and T. serrata, full thermoinhibition
was observed at 35 °C, close to the temperaturewhere germination ofO.
sensibilis is fully thermoinhibited (i.e. 36 °C, Towill, 1978). The small
proportion of the H. subcordata spores that germinate at 35 °C may in-
crease the probability of colonisation in harsh environments, such as
rocky slopes and roads where this species is also established (Mickel
and Smith, 2004; Mendoza-Ruiz and Pérez-García, 2009).
In P. pectinata and P. mickelii, full thermoinhibition occurred at 30 °C,
whereas at lower temperatures, there was partial germination inhi-
bition (20 °C and 15/20 °C, respectively). Germination of O. sensibilis
(growing in a temperate area) was not studied at 15 °C, but 30 °C is
the optimal temperature for germination and at 20 °C, spore germina-
tion is partially inhibited. P. pectinata and P. mickelii commonly grow at
high elevations inmoist and shaded environments, such as themontanecloud forest (Mickel and Smith, 2004; Mendoza-Ruiz and Pérez-García,
2009). However, other species included in this study grow at the same
elevations and habitats but germinate at higher or lower temperatures.
Low germination at 15 °C has been observed in other species, such as
Trichipteris scabriuscula andNephelea mexicana (Cyatheaceae), although
the occurrence of thermoinhibition was not tested in these species
(Pérez-García and Riba, 1982).
Thermoinhibition at supraoptimal or suboptimal temperatures
might prevent spore germination under adverse environmental con-
ditions, as occurs in seeds. However, in most species, sensitivity to
temperature was modiﬁed after spores were incubated in darkness,
which probably may occur in the soil spore bank. Prolonged exposure
to darkness may modify the ability of spores to germinate in diverse
habitats and microhabitats. Changes in sensitivity to temperature by
incubation in the dark have been previously reported for O. sensibilis
(Towill, 1978).
In contrast to germination inhibition at supraoptimal and suboptimal
temperatures, secondary dormancy is not overcome after spores or seeds
are transferred to a suitable temperature for germination (Hills and van
Staden, 2003;Murdoch and Ellis, 2000). Secondary dormancy is acquired
during prolonged incubation under adverse conditions, indicating that a
deeper rest state is more difﬁcult to overcome than spores just inhibited
for germination (Gabriel y Galán and Prada, 2010). In secondary dor-
mancy, low and high temperatures (as in dormancy cycling) can induce
this state and release seeds from it (Vleeshouwers et al., 1995). This sen-
sitivity to temperature has been related to the season of species seed ger-
mination; thus, winter or summer temperatures can break dormancy,
allowing germination to occur in spring or autumn (Baskin and Baskin,
1985). The soil ethylene/CO2 ratio, which is affected by different pro-
cesses, such as litter decomposition and respiration of soil organisms,
might also be able to release spores from dormancy (Edwards, 1977;
Hargurdeep et al., 1986; Hilhorst, 2007). In seeds, these gases present
in the soil atmosphere and other chemical stimuli present in the soil,
such as nitrite, nitrate and azide,whichmay have cyclic variations during
the year, can also break secondary dormancy (Murdoch and Ellis, 2000).
In this study, secondary dormancy was probably induced in several spe-
cies after incubation at suboptimal and supraoptimal temperatures. In B.
appendiculatum, D. globulifera, P. pectinata and P. mickelii secondary dor-
mancywas possibly induced by high temperatures (35 °C), although fur-
ther studieswould need to be carried out to conﬁrm this. Species of these
taxa are able to grow in shaded areas of the tropical rain forest and the
montane cloud forest (Mickel and Smith, 2004). In contrast, in H.
subcordata, this dormancy was induced at a low temperature (15 °C),
conﬁrming the preference of this species for warm habitats, such as
undisturbed areas in semi-deciduous and deciduous forests and rarely
in pine-oak forests (Mickel and Smith, 2004). Thus, the temperatures
that might induce secondary dormancy in these species may be more
related to the season of spore germination, and the safe site for
germination and gametophyte development, than to their habitat itself.
In soil spore bank samples, Athyrium pycnocarpon and Athyrium
thelypterioides (Woodsiaceae) were found to undergo secondary dor-
mancy (Hamilton, 1988). The spores of the bryophyte Sphaerocarpos
texanus (Sphaerocarpaceae) experience a dormancy/non-dormancy
spore cycle, which is similar to the dormancy cycle in winter annuals
(McLetchie, 1999). In B. appendiculatum, P. pectinata and H. subcordata,
induction of secondary dormancy by the combination of light and tem-
peraturewas conﬁrmed by the germination of spores that were initially
incubated in darkness at 35 °C (for B. appendiculatum) and 15 °C for H.
subcordata and P. pectinata (when this last species was incubated al-
ways with light) after transferring the dishes to 25 °C with light. In D.
globulifera and P. mickelii, the apparent dormant state that developed
at 35 °Cwas concluded by the spore health after twomonths of incuba-
tion. Secondary dormancy was not present in the other three species.
Interestingly, H. subcordata spores died when incubated in darkness at
20, 25 or 30 °C. This was apparent from the spore plasmolysis and
abundant fungi development on the spores. This species had a high
117S. Juárez-Orozco et al. / South African Journal of Botany 87 (2013) 112–117percentage of germination when incubated with light at these same
temperatures. Spore death also occurred in P.mickelii incubated in dark-
ness at 25 °C.
In some species, spore transfer from darkness at different tempera-
tures, to 25 °Cwith light resulted in a higher percentage of germination
than that found after transferring the spores incubated at different tem-
peratures for a 12 h photoperiod to 25 °C. As described previously by
Hills and van Staden (2003) in seeds and Towill (1978) in fern spores,
thermoinduction of germination occurred in P. mickelii spores upon
transfer from 30 °C (darkness) to 25 °C (12 h photoperiod).
Although thermoinhibition and thermoinduction usually occur at
supraoptimal temperatures (Vidaver and Hsiao, 1975), inhibition and
probably dormancy at suboptimal temperatures are functionally similar
and were identiﬁed in the studied species. In seeds, at the cellular, bio-
chemical and molecular levels, inhibition of germination and seed dor-
mancy can be caused by different factors and biochemical pathways,
as seen in primary and secondary dormancy (Bewley and Black, 1994;
Vleeshouwers et al., 1995; Murdoch and Ellis, 2000; Corbineau et al.,
2007). Thus, from an ecological point of view, secondary dormancy
and germination inhibition at suboptimal and supraoptimal tempera-
tures have similar consequences in seeds and spores. The dormancy
and inhibition of germination can ensure spore germination in suitable
period of the year and microenvironment, thereby spreading germina-
tion in time and space. Similarly, darkness can improve seed germina-
tion and plantlet establishment when adequate conditions are present.
Studying spore germination in a temperature gradient can be useful
for understanding species distribution. Dormancy induction can be
related to dormancy cycling in the soil spore bank, which regulates
seasonal germination in the fern habitats. It is necessary to further
explore the induction of secondary dormancy by supraoptimal and
suboptimal temperatures to understand spore germination and coloni-
sation in the ﬁeld.
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